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ABSTRACT

	Introduction: The rising incidence of antimicrobial resistance in Klebsiella pneumoniae has necessitates interest in the exploration plant-based antimicrobial agents. Psidium guajava (guava) leaves are used traditionally for the treatment of infectious diseases and are rich sources of bioactive compounds with antimicrobial potentials. Hence, this study was aimed at evaluating the antibacterial effects of Psidium guajava on Klebsiella pneumoniae isolated from the nasopharynx of students of Alex Ekwueme-Federal University Ndufu-Alike, Ikwo, Ebonyi State, Nigeria.

Methodology: Klebsiella pneumoniae isolates were identified using standard morphological and biochemical tests. Aqueous, ethanol, and methanol leaf extracts of Psidium guajava were prepared and subjected to qualitative phytochemical screening to determine the presence of major secondary metabolites. Antibacterial activity was evaluated using the agar well diffusion method at concentrations of 200, 100, and 50 mg/ml. Ciprofloxacin was used as the positive control.

Results: The bacterial isolates exhibited typical morphological and biochemical features consistent with K. pneumoniae. Phytochemical screening revealed the presence of tannins, flavonoids, alkaloids, saponins, and steroids in all extracts, while glycosides were not detected. The leaf extracts showed concentration-dependent antibacterial activity against K. pneumoniae. Ethanol and methanol extracts produced larger inhibition zone diameters compared with the aqueous extract at all tested concentrations. The aqueous extract produced inhibition zones ranging from 8–12 mm, the ethanol extract from 10–18 mm, and the methanol extract from 11–19 mm across the tested concentrations. Ciprofloxacin showed the highest antibacterial activity with inhibition zones ranging from 22–28 mm.

Conclusion: The findings indicated that Psidium guajava leaves possess bioactive compounds with measurable antibacterial activity against Klebsiella pneumoniae. Although less potent than ciprofloxacin, the ethanol and methanol extracts showed promising inhibitory effects, suggesting that P. guajava leaves may serve as a potential source of antibacterial agents for managing infections caused by K. pneumoniae.
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1. INTRODUCTION 
Klebsiella pneumoniae is a Gram-negative, encapsulated, non-motile bacterium belonging to the family Enterobacteriaceae. It exists both as a commensal organism, colonizing the gastrointestinal tract, skin, and oral cavity, and as an opportunistic pathogen implicated in a wide range of infections including pneumonia, urinary tract infections, septicemia, and wound infections (Akinyemi et al., 2021). The organism’s ability to thrive in different anatomical sites makes it a significant subject of medical and public health interest. Although the gastrointestinal tract is recognized as the primary ecological niche of K. pneumoniae, evidence suggests that the nasopharynx can serve as an important alternative reservoir (Farida et al., 2013). Colonization of the nasopharynx is usually asymptomatic but may constitute the initial step in the pathogenesis of respiratory infections and act as a reservoir for onward transmission in community and healthcare settings. Asymptomatic carriers may, therefore, represent a hidden source of infection and play a critical role in sustaining endemicity and spread of K. pneumoniae.

Several studies have documented the prevalence of nasopharyngeal carriage of K. pneumoniae across different populations. A study in Semarang, Indonesia, reported a 15% prevalence of K. pneumoniae among healthy adults compared to 7% in children, highlighting the importance of adult carriers as potential reservoirs (Farida et al., 2013). Similarly, a recent cross-sectional survey in Malaysia revealed that 11% of university students harbored K. pneumoniae in their upper respiratory tract with males showing higher carriage rates than females. These findings emphasize that nasopharyngeal carriage is not uncommon even in otherwise healthy young adults. University students represent a particularly relevant demographic for the study of bacterial carriage. The campus environment is characterized by communal living in dormitories, high social interaction, shared facilities, and exposure to crowded lecture halls—all of which can facilitate the acquisition and spread of respiratory pathogens. Additionally, frequent interactions with healthcare systems, such as outpatient clinics or university health centers, may contribute to colonization dynamics. Thus, university students may serve both as reservoirs and amplifiers of K. pneumoniae transmission within the community.

The increasing prevalence of antimicrobial resistance particularly among pathogens like Klebsiella pneumoniae, underscores the urgent need for novel antibacterial strategies (Pereira et al., 2023; Egwu et al., 2024). This has led to a renewed interest in medicinal plants, such as Psidium guajava, for their potential therapeutic properties against resistant bacterial strains (Hackman et al., 2020). 

Psidium guajava, commonly known as guava, is a tropical plant widely recognized for its high content of organic and inorganic compounds, including antimicrobials, antioxidants, polyphenols, and anti-inflammatory agents (Hackman et al., 2020). Its traditional use in various folk medicines across tropical and subtropical regions highlights its historical significance in treating diverse ailments (Pereira et al., 2023). Specifically, its leaves have been traditionally employed for their therapeutic benefits due to the presence of bioactive compounds such as flavonoids, tannins, and terpenoids, which have demonstrated significant antibacterial activities (Bunu et al., 2023; Imperia et al., 2017). Several studies have explored the efficacy of P. guajava leaf extracts against various bacterial strains, including Escherichia coli, Staphylococcus aureus, and Klebsiella pneumoniae, often revealing dose-dependent inhibitory effects (Agbo et al., 2025; Ekeleme et al., 2017; Sivananthan & Elamaran, 2013). These studies often highlight the potential of P. guajava extracts to inhibit the growth of multidrug-resistant bacteria, thereby presenting a promising avenue for the development of new antimicrobial agents (Adjapong et al., 2017; Djeussi et al., 2013). This is particularly relevant given the global increase in nosocomial infections caused by carbapenem-resistant Klebsiella pneumoniae, necessitating the discovery of novel antibiotics to combat rising resistance rates. Consequently, research into the phytochemical constituents of P. guajava has identified compounds with antimicrobial and antioxidant properties, further supporting its potential as a therapeutic agent (Möwes et al., 2025). This growing body of evidence suggests that phytochemicals derived from P. guajava could offer viable alternatives to conventional antibiotics, which are increasingly challenged by antibiotic resistance (Saifi et al., 2023). 	Comment by Asus: Staphylococcus aureus

Indeed, Psidium guajava L., a shrub indigenous to the Americas and a member of the Myrtaceae family, has garnered extensive research attention for its leaves, which are replete with phenolic compounds conferring antioxidant, anti-inflammatory, and antimicrobial characteristics (Gutierrez-Montiel et al., 2025). These leaves contain a complex mixture of bioactive compounds including phenols, flavonoids, terpenoids, gallic acid, pyrocatechol, and tannins, which collectively contribute to their potent inhibitory effects against various pathogens, including bacteria and fungi (Mohapatra et al., 2024; Sule et al., 2021). These phytochemicals exert their antibacterial action through diverse mechanisms, such as disrupting bacterial cell membranes and inhibiting enzyme systems crucial for microbial survival (Bano et al., 2021; Mohapatra et al., 2024). Specifically, the presence of flavonoids such as morin-3-O-alpha-L-lyxopyranoside, morin-3-O-alpha-L-arabopyranoside, guaijavarin, and quercetin in guava leaf extracts has been directly linked to their antibacterial efficacy, including against carbapenem-resistant strains of K. pneumoniae (Hackman et al., 2020). Also, the intricate composition of these phytochemicals, including various phenolic acids, further contributes to their biological potential, acting as potent antioxidants and antimicrobial agents through redox mechanisms that involve reducing agents, metal chelators, and free radical scavengers (Bano et al., 2021). This broad spectrum of antimicrobial activity positions P. guajava as a promising candidate for combating multidrug-resistant pathogens, especially those responsible for foodborne diseases (Bano et al., 2021). Given the escalating global concern surrounding antimicrobial resistance, particularly with problematic strains such as Klebsiella pneumoniae, exploring plant-based antimicrobials like Psidium guajava represents a critical research avenue (Gutierrez-Montiel et al., 2023). Hence, this study.

2. MATERIALS AND METHODS
2.1 Study Area
The research was conducted at Alex Ekwueme Federal University, Ndufu-Alike Ikwo, Ebonyi State, Nigeria. The institution serves as the primary tertiary academic center within the Ebonyi Central Senatorial Zone and attracts a large student population from across the region. The university community comprises of a diverse population, including students and staff, which serves as a suitable cohort for epidemiological investigations into nasopharyngeal microbial carriage.

2.2 Ethical Considerations
The study protocols were reviewed and approved by the Human Research Ethics Committee of Alex Ekwueme Federal University, Ndufu-Alike Ikwo with reference number: AEFUNAI/REC/1/71. All procedures involving human participants were conducted in accordance with the ethical principles outlined in the Declaration of Helsinki, revised in 2024. Written informed consent was obtained from each participant prior to sample collection ensuring voluntary participation and understanding of the study objectives. To ensure confidentiality, all data were anonymized and analyzed without identifiers. 

2.3 Collection and Identification of Plant Materials	Comment by Asus: it is better to include a voucher specimen number for reference, which improves reproducibility.
Fresh leaves of guava (Psidium guajava) were used in the study. The plant materials were collected in March, 2025 from Ndufu-Alike, Ikwo Local Goverrnment Area, Ebonyi State, Nigeria. Identification and authentication of the plant materials was carried out at the Herbarium of the Department of Biology, Alex Ekwueme Federal University, Ndufu-Alike Ikwo, Ebonyi State, Nigeria, through comparison with authenticated herbarium specimens and reference to published botanical descriptions. Voucher specimen was deposited in the university herbarium for future reference and verification.

2.4 Preparation of Leaf Extracts
Fresh leaves of Psidium guajava were washed thoroughly under running water and air-dried in a shade under ambient temperatures for two weeks. The dried leaves were subsequently pulverized into fine powder using an electric blender. Three types of extracts were prepared —aqueous, ethanol, and methanol extract for antibacterial susceptibility testing. For each extract, 50 g of powdered leaves was soaked in 500 mL of distilled water, ethanol, or methanol in separate flasks to ensure extraction of bioactive compounds. The mixtures were allowed to stand at room temperature for 24 hours with intermittent shaking. After maceration, the mixtures were filtered through Whatman No. 1 filter paper. The ethanol and methanol extracts were dried under reduced pressure using a rotary evaporator at 50°C, while the aqueous extract was concentrated at 60°C using a water bath. The dried extracts were reconstituted in 30% dimethyl sulfoxide (DMSO) to achieve a final stock concentration of 200 mg/mL. All extracts were stored at 4°C until required for experimental use.

2.5 Qualitative Phytochemical Screening
The extracts were subjected to qualitative phytochemical analysis to determine the presence of major secondary metabolites, including alkaloids, flavonoids, steroids, saponins, glycosides, and tannins, using methods described by Harbone (1973).

2.5.1 Test for alkaloids: Five milliliters of the extract was mixed with 2 mL of hydrochloric acid, followed by the addition of 1 mL of Dragendorff’s reagent. The appearance of a reddish-orange precipitate indicated the presence of alkaloids.

2.5.2 Test for flavonoids: One milliliter of the extract was treated with a few drops of dilute sodium hydroxide. Development of an intense yellow coloration that became colorless upon the addition of dilute hydrochloric acid confirmed the presence of flavonoids.

2.5.3 Test for steroids: Two milliliters of the extract was dissolved in 10 mL of chloroform after which concentrated sulfuric acid was carefully added along the side of the test tube. The presence of steroids was confirmed by the development of a red coloration at the upper layer and a yellowish-brown sulfuric acid layer below.

2.5.4 Test for saponins: Twenty milliliters of the extract was diluted in distilled water in a graduated cylinder and shaken vigorously for 15 minutes. Persistent frothing with a foam layer of at least 1 cm confirmed the presence of saponins.

2.5.5 Test for tannins: Five milliliters of the extract was treated with a few drops of 1% lead acetate solution. The formation of a yellow precipitate was indicative of tannins.

2.5.6 Test for glycosides: Presence of glycosides were screened via the Keller-Killiani test which produced a brown ring at the interface, while saponins were identified through the froth test, characterized by the formation of persistent foaming.

2.6 Preparation of Culture Media
Different culture media were used. They include: Nutrient Agar (NA), MacConkey Agar, and Eosin Methylene Blue (EMB) Agar, and were all prepared following manufacturer’s instructions. The prepared media were sterilized using an autoclave at 121°C for 15 minutes under a pressure of 15 psi. After sterilization, the media were cooled to approximately 45°C, thoroughly mixed, and aseptically dispensed into sterile Petri dishes. The plates were then allowed to solidify before use.

2.7 Sample Collection
Nasal swab samples were obtained from the nostrils of consenting and eligible participants. The swabs were collected in batches. All samples were transported within 4 hours of collection in cold packs maintained at 2–8°C to the Microbiology Laboratory of Alex Ekwueme Federal University Ndufu Alike Ikwo (AE-FUNAI), Nigeria, where they were processed for the isolation of K. pneumoniae.	Comment by Asus: The number of students sampled for nasal swabs is not mentioned.

2.8 Isolation and Identification of Bacterial Isolates
Primary isolation and preliminary identification of bacterial isolates were based on colonial morphology, including color, size, and shape, in addition to Gram staining. A loop full of each nasal swab sample enriched on the nutrient broth in the laboratory soon after collection was aseptically inoculated on MacConkey agar (MCA) and eosin methylene blue agar (EMBA). The inoculated plates were incubated 24 hours at 37°C. Following incubation, the culture plates were examined to check for possible bacterial growth present. Initial identification of Klebsiella pneumoniae isolates was based on colonial morphology, Gram staining, and a battery of biochemical tests, including oxidase negativity, catalase positivity, citrate utilization, and indole production, to confirm their identity

2.9 Biochemical Tests 
The identified colonies were subjected unto several biochemical tests, including; catalase test, indole test, oxidase and citrate tests. 

2.9.1 Catalase test
A sterile wire loop was used to transfer a portion of the bacterial colony onto the surface of a clean dry glass slide and then a drop of 3 % H2O2 was placed on top of the colony growth and emulsified. The immediate appearance of oxygen bubbles indicated a positive test for catalase.

2.9.2 Indole test
A 24 old nutrient agar culture of the isolates were inoculated into a sterilized bijoux bottle containing 3 ml of sterile tryptone water. The bottles were then incubated for 48 hr at 37oC. Test for indole was carried out by addition of 0.5 ml Kovacs reagent and gently shaked. The formation of red colour at the surface of the layer within 10 min was taken as positive indole while no red formation at the surface indicates negative indole.

2.9.3 Oxidase test
A piece of filter paper was placed in a clean petri plate and two drops of freshly prepared oxidase reagents (1 % aqueous solution of tetra-methyl-phenylene-diamine dihydrochloride) was poured on the filter paper. The test organism was collected and smeared on the filter paper and observed for blue-purple within few seconds.

2.9.4 Citrate utilization test
Simmons citrate agar was used to prepare a slope using bijoux bottles. A sterile wire loop was used to streak the slope of the Simmons citrate agar slant and then stabbed to the butt of the slant after which the inoculated slants were incubated for 48 hrs. The appearance of bright blue colour after 48 hr indicate a positive citrate while no colour change indicates negative citrate.

2.9.5 Methyl red test
Methyl red test was used to detect which of the isolates could produce and maintain sufficiently a stable acid product from glucose fermentation. The test is usually used as an aid in the identification and differentiation of Enterobacteriaceae.  Methyl red reagent consists of 0.1 g methyl red and 300 ml of 95 % ethyl alcohol. Briefly, test tubes containing 5 mls of nutrient broth were inoculated with the test organisms and incubated for at least 48 hrs at 37 oC. Following the incubation, about 3 drops of prepared methyl red reagent were added into 5 ml of the culture. Production of a bright red colour immediately after the addition of the methyl red reagent indicated a positive result.	Comment by Asus: methyl red test is described without mentioning Voges-Proskauer, which is typically used alongside MR for Enterobacteriaceae identification.

2.10 Standardization of test inoculum 
Each of the isolate was standardized using the colony suspension method. The test organism (K. pneumoniae) from nutrient agar plates, incubated at 37 0C for 24 hours was suspended in saline solution (0.85 % NaCl). The density of each isolate suspension was matched with 0.5 McFarland standards equivalent to give a resultant concentration of 1.0 × 106 cfu/ml.

2.11 Assessment of Antibacterial Activity
The antibacterial activity of the plant extracts was evaluated using the agar well diffusion method. Mueller–Hinton agar (MHA) was aseptically dispensed into sterile Petri dishes and allowed to solidify. The surface of each Mueller-Hinton agar (MHA) plates was inoculated with 0.1 ml of the standardized bacterial suspension and spread uniformly using a sterile swab stick and allowed to air dry. Sterile cork borers (6 mm in diameter) were used to punch wells into the agar medium and each well was filled with a concentration of 100 µl of plant extract (aqueous, ethanol and methanol). The plates were left undisturbed for approximately 30 minutes to allow pre-diffusion of the extracts into the medium. Thereafter, the plates were incubated at 37°C for 24 hours. After incubation, the plates were examined for zones of inhibition surrounding the wells. The diameters of the inhibition zones were measured in millimeters and recorded. All assays were performed in duplicate, and the mean values were calculated for each bacterial isolate. Ciprofloxacin was used as a standard antibiotic control.	Comment by Asus: Usually, triplicates are standard in microbiology to improve reliability.

3. results 
3.1 Morphology and Biochemical Characteristics of K. pneumoniae
The K. pneumoniae isolates produced circular mucoid entire margins on MacConkey agar. They also produced short rods in clusters and singly as viewed under the microscope. Following biochemical tests, K. pneumoniae isolates were found to be positive for catalase and citrate, while it produces indole and oxidase negative (Table 1).	Comment by Asus: positive for catalase and citrate, but negative for indole and oxidase














Table 1: Morphology and Biochemical Characteristics of K. pneumoniae

	[bookmark: _Hlk217875522]Bacterial isolate 
	Morphology
	Gram Stain
	CT
	Citrate
Test
	Oxidase Test
	Indole 
Test
	Possible Isolate

	
K1-K5
	
Rod shaped, colonies are whitish, circular with mucoid entire margins and translucent. convex, smooth
	
-
	
+
	
+
	
-
	
-
	
K. pneumoniae 



Keys: K = K. pneumoniae; CT=Catalase Test; (+) = Positive; (-) = Negative.

3.2 Qualitative Phytochemical Screening of the Aqueous, Ethanol and Methanol Leaves Extracts of Psidium guajava 
Phytochemical analysis of the aqueous, ethanol, and methanol extracts of Psidium guajava leaves revealed the presence of several key secondary metabolites, with differences in their levels depending on the solvent used. Tannins were abundantly present (++) in all extracts, showing that they can be efficiently extracted using both polar (water) and organic solvents. Saponins were detected at low levels (+) across all solvents, indicating a consistent but limited extractability. Alkaloid content varied with the solvent: mild presence (+) was observed in aqueous and methanol extracts, while the ethanol extract exhibited a higher concentration (++). Flavonoids were found in large amounts (++) in aqueous, (++) in ethanol extract and (++) methanol extracts. Steroids were consistently detected at low levels (+) in all extracts, pointing to their moderate presence. In contrast, glycosides were absent (–) in all the solvent extracts examined.


Table 2. Qualitative phytochemical screening of the aqueous, ethanol and methanol leaves extracts of Psidium guajava.

	Phytochemicals 
	Aqueous 
	Ethanol 
	Methanol 

	Tannins
	++
	++
	++

	Saponins
	+
	+
	+

	Alkaloids
	+
	++
	+

	Flavanoids	Comment by Asus: should be “Flavonoids” in Table 2
	++
	++
	++

	Steroids
	+
	+
	+

	Glycosides
	-
	-
	-


Keys: (-) = not detected, (+) = mildly detected, (++) = Highly detected

3.3 Antibacterial Susceptibility Testing of Psidium guajava Aqueous, Ethanol and Methanol Leaf Extracts on K. pneumoniae Isolates.

Table 3 showed the antibacterial susceptibility testing of Psidium guajava aqueous, ethanol and methanol leaf extracts against five Klebsiella pneumoniae isolates (KP1–KP5) at concentrations of 200, 100, and 50 mg/ml, alongside ciprofloxacin as the control. The aqueous extract produced inhibition zones ranging from 10–12 mm at 200 mg/ml, 9–12 mm at 100 mg/ml, and 8–11 mm at 50 mg/ml across the isolates. The ethanol extract showed higher inhibitory activity, with inhibition zones of 16–18 mm at 200 mg/ml, 14–16 mm at 100 mg/ml, and 10–12 mm at 50 mg/ml. The methanol extract also demonstrated appreciable antibacterial activity, producing inhibition zones of 16–19 mm at 200 mg/ml, 15–17 mm at 100 mg/ml, and 11–13 mm at 50 mg/ml. The standard antibiotic, ciprofloxacin (control), produced the highest inhibition zones, ranging from 22–28 mm against all K. pneumoniae isolates. Overall, the result showed measurable antibacterial activity of all three extracts against the isolates, with ethanol and methanol extracts exhibiting larger inhibition zones than the aqueous extract at corresponding concentrations.










































Table 3. Antibacterial Susceptibility Testing of Psidium guajava Aqueous, Ethanol and Methanol Leaf Extracts on Klebsiella pneumoniae Isolates.

	Isolate
	Concentration / Inhibition Zone Diameter (mm)
	

	
	Aqueous leaf extracts 
	Ethanol leaf extracts 
	Methanol leaf extracts 
	Ciprofloxacin (Control)

	
	200 (mg/ml)
	100 (mg/ml)
	50 (mg/ml)
	200 (mg/ml) 
	100 (mg/ml)
	50 (mg/ml)
	200 (mg/ml)
	100 (mg/ml)
	50 (mg/ml) 
	

	KP1
	12
	12
	11
	18
	16
	12
	19
	17
	13
	28

	KP2
	12
	11
	10
	17
	16
	11
	18
	17
	12
	26

	KP3
	10
	09
	11
	16
	14
	12
	16
	15
	11
	22

	KP4
	11
	10
	08
	17
	16
	11
	18
	15
	13
	27

	KP5
	10
	10
	09
	16
	15
	10
	17
	16
	11
	26


KEY: KP- Klebsiella pneumoniae

4. DISCUSSION
The present study evaluated the morphological and biochemical characteristics of Klebsiella pneumoniae, the phytochemical composition of Psidium guajava leaf extracts, and the antibacterial activities of these extracts against K. pneumoniae. The morphological and biochemical characteristics showed in Table 1 phenotypically confirmed the identification of the bacterial isolates as Klebsiella pneumoniae. The isolates exhibited rod-shaped cells and produced whitish, circular, convex, smooth, mucoid colonies with entire margins. These colonial features are typical of K. pneumoniae and are attributed primarily to the presence of a thick polysaccharide capsule, which contribute to its mucoid appearance, virulence and resistance to host immune responses (Martin & Bachman, 2018; Wyres et al., 2020). The Gram-negative reaction observed is consistent with the established taxonomic classification of K. pneumoniae within the family Enterobacteriaceae (Sivananthan & Elamaran, 2013). Biochemically, positive tests were noted for catalase and citrate utilization tests while negative results were observed for oxidase and indole tests. These results confirm the accurate identification of the isolate and aligns with contemporary diagnostic profiles used in clinical microbiology (Hackman et al., 2020; Tamma et al., 2022). 

The qualitative phytochemical screening of Psidium guajava leaf extracts shown in Table 2 revealed the presence of several important secondary metabolites, including tannins, saponins, alkaloids, flavonoids, and steroids, while glycosides were not detected in any of the extracts. The consistent detection of tannins at high levels across aqueous, ethanol, and methanol extracts corroborates previous studies that have identified tannins as one of the dominant phytochemical constituents of P. guajava leaves (Ekeleme et al., 2017; Mohapatra et al., 2024). Tannins are known for their ability to precipitate proteins and disrupt microbial cell walls, thereby inhibiting bacterial growth (Cushnie & Lamb, 2011). Flavonoids were highly detected in all the three extracts which agrees with reports indicating that P. guajava leaves are rich sources of flavonoids with documented antimicrobial and antioxidant activities (Bano et al., 2021; Pereira et al., 2023). Flavonoids are known to disrupt bacterial membranes, inhibit nucleic acid synthesis, and interfere with energy metabolism (Huynh et al., 2025). Saponins and alkaloids were detected across all extracts supporting the medicinal value of P. guajava. Previous findings reported that saponins exert antimicrobial effects by increase in cell membrane permeability causing cell lysis while alkaloids interfere with DNA synthesis and enzymatic activities in bacteria (Adjapong et al., 2017; Othman et al., 2019; Djeussi et al., 2013). The higher presence of alkaloids in the ethanol extract noted in this work is in agreement with previous findings that organic solvents enhance the extraction efficiency of moderately polar phytochemicals (Bunu et al., 2023). The absence of glycosides across all extracts has also been reported in some studies and may be influenced by solvent polarity, extraction method, plant maturity or geographical variations (Mohapatra et al., 2024). Overall, the phytochemical profile obtained in this study is in strong agreement with verified literature and provides a biochemical basis for the antibacterial activity observed. These phytochemicals observed in this study are recognized widely for their antimicrobial properties and mostly contribute to the antibacterial activities observed in the study.	Comment by Asus: should be “increases cell membrane permeability, causing cell lysis.

The results of antibacterial activity presented in Table 3 demonstrated that the aqueous, ethanol, and methanol leaf extracts of Psidium guajava exhibited notable inhibitory effects on Klebsiella pneumoniae isolates. The zone of inhibition produced by all extracts decreased as the concentration decreases revealing a clear concentration-dependent antibacterial effect. This trend is widely reported in phytochemical-based antimicrobial studies and reflects the reduced availability of active compounds at lower extract concentrations (Djeussi et al., 2013). Among the tested extracts, the ethanol extract and methanol extract consistently produced larger inhibition zones than the aqueous extract across all concentrations and isolates indicating that organic solvents more effectively extract non-polar bioactive compounds such as flavonoids and alkaloids (Dai & Mumper, 2010; Huynh et al., 2025). This finding is consistent with many studies reporting superior antibacterial activity of organic solvent extracts of P. guajava compared to aqueous extracts (Hackman et al., 2020; Pereira et al., 2023; Biswas et al., 2013; Metwally et al., 2010). The increased antibacterial effect of ethanol and methanol extracts may be likened to their higher content of bioactive phytochemicals, particularly tannins, flavonoids and alkaloids, as showed in the phytochemical screening results above. These compounds are known to act synergistically to inhibit bacterial growth through mechanisms such as disruption of cell membranes, inhibition of nucleic acid synthesis, and interference with essential metabolic pathways (Adjapong et al., 2017; Saifi et al., 2024). 

The observed susceptibility of K. pneumoniae to P. guajava extracts aligns with previous studies that have demonstrated the effectiveness of guava leaf extracts against both drug-sensitive and multidrug-resistant strains of K. pneumoniae (Hackman et al., 2020; Möwes et al., 2025). A related study on extended spectrum β lactamase (ESBL) producing K. pneumoniae reported that guava leaf extracts at concentrations between 50–200 mg/mL exhibited active inhibition zones against clinical isolates, demonstrating measurable antibacterial activity within the same concentration range used in the current work. Although exact numeric zone diameters were not specified for each concentration in that report, the authors concluded that ethanolic guava leaf extract was efficacious against multidrug resistant K. pneumoniae, reinforcing the trend of greater effectiveness of organic extracts at higher concentrations (Hackman et al., 2020). Other studies investigating antibacterial effects of P. guajava against Gram negative bacteria also reported similar inhibition zones. For instance, research evaluating ethanol and aqueous extracts documented that ethanol extracts produced inhibition zones against K. pneumoniae at approximately 9.4 ± 0.03 mm at 100 mg/ml, while aqueous extracts produced zones around 7.5 ± 0.03 mm at the same concentration, indicating greater efficacy of ethanol extracts (Evbuomwan et al., 2018). These findings correspond with the present results in Table 3, where ethanol extracts exhibited consistently larger inhibition zones compared to aqueous extracts across all tested concentrations.

Although the inhibition zone produced by ciprofloxacin, the standard antibiotic control against all K. pneumoniae isolates were significantly higher (22–28 mm), the observed antibacterial activity exhibited by the plant extracts remains noteworthy. Similar findings have been reported in earlier studies, where standard antibiotics consistently outperform crude plant extracts but do not negate the therapeutic potential of medicinal plants (Pereira et al., 2023; Saifi et al., 2024). The observed activity of P. guajava leaf extracts suggested their potential role as complementary antimicrobial agents or as sources of lead compounds for the development of novel antibacterial drugs, particularly in the face of rising antibiotic resistance.


5. Conclusion
The present study confirmed that Klebsiella pneumoniae can be identified using standard morphological and biochemical characteristics and demonstrated that Psidium guajava leaf extracts exhibited antibacterial activity against this pathogen. Qualitative phytochemical analysis revealed the presence of key bioactive constituents, including tannins, flavonoids, alkaloids, saponins which are known to contribute to antimicrobial effects. Among the extracts tested, ethanol and methanol leaf extracts exhibited stronger antibacterial activity than the aqueous extract, with inhibition increasing in a concentration-dependent manner. Although the inhibitory effects of the plant extracts were lower than those of ciprofloxacin, their consistent activity against K. pneumoniae highlights the therapeutic potential of P. guajava leaves. Based on the findings of this study, the following recommendations were proposed: Optimization of extraction methods for improved yield and potency of active compounds and in vivo and clinical investigations to validate the therapeutic efficacy, safety, and pharmacokinetic properties of P. guajava extracts.
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